Patients with both acute coronary syndromes (ACS) and congestive heart failure are at an increased risk of recurrent cardiovascular (CV) events attributed in part to both excess thrombin generation and impaired fibrinolysis. We hypothesized that patients with the overlap of ACS and CHF would thus derive particular benefit from antithrombotic therapy with rivaroxaban. ATLAS-ACS-2 Thrombolysis in Myocardial Infarction-51 was a double-blind, multicenter, phase 3 clinical trial that randomized patients within 7 days of an ACS event to standard of care plus either rivaroxaban 2.5 mg BID, 5 mg BID, or placebo (n = 15,526). In this post hoc subgroup analysis, subjects with a history of CHF at randomization (n = 1,694) were evaluated. Among subjects with a history of CHF, both rivaroxaban doses reduced the primary composite end point of CV death, myocardial infarction, or stroke (2.5 mg BID vs placebo: hazard ratio [HR] 0.59, 95% confidence interval [CI] (0.42, 0.81), p = 0.001; 5 mg BID vs placebo: HR 0.61, 95% CI (0.44, 0.84), p = 0.002; p interaction = 0.006). Both doses of rivaroxaban reduced CV mortality (rivaroxaban 2.5 mg BID vs placebo: 4.1% vs 9.0%, HR 0.45, 95% CI [0.27, 0.74], p = 0.002; rivaroxaban 5 mg BID vs placebo: 5.8% vs 9.0%, HR 0.62, 95% CI [0.40, 0.96], p = 0.031) as well as all-cause mortality. There was no significant increase in noncoronary artery bypass graft-related Thrombolysis in Myocardial Infarction major bleeding with either dose of rivaroxaban as compared with placebo (rivaroxaban 2.5 mg BID = 0.4% vs rivaroxaban 5 mg BID = 1.1% vs placebo = 0.5%). Rivaroxaban also did not increase either intracranial hemorrhage or fatal bleeding. In conclusion, in ACS subjects with a history of CHF, secondary prevention with rivaroxaban reduced the composite of CV death, myocardial infarction, or stroke without an increase in noncoronary artery bypass graftrelated major bleeding. These findings require further prospective evaluation in an adequately powered phase 3 study. There is an elevated risk of recurrent ischemic events after an acute coronary syndrome (ACS) despite currently available medical therapy. Dual antiplatelet therapy is often used to minimize this residual risk, but these antiplatelet therapies may be ineffective due to excess thrombin generation that persists well after the ACS event. 1, 2 Congestive heart failure (CHF) patients are also at an increased risk for thrombotic events which is thought to be related to persistent activation of the renin-angiotensin-aldosterone neurohormonal system and the sympathetic nervous system leading to increases in both platelet aggregation and reduced fibrinolysis. 3, 4 Given this increase in thrombotic risk, several trials have evaluated the safety and efficacy of anticoagulation in patients with CHF. The Warfarin/Aspirin Study in Heart failure trial and the HELAS trial (Antithrombotic therapy in heart failure: a randomized comparison of warfarin vs aspirin) demonstrated that neither warfarin nor aspirin reduced the risk of myocardial infarction, nonfatal stroke, or death as compared with placebo. 5, 6 No completed randomized controlled trials, although, have prospectively evaluated the efficacy of the novel oral anticoagulants in the ACS-CHF overlap population. ATLAS ACS-2-Thrombolysis in Myocardial Infarction (TIMI)-51 was a randomized, doubleblind, placebo-controlled trial that evaluated the efficacy and safety of rivaroxaban for the secondary prevention of atherothrombotic events after ACS. 7 The purpose of this analysis was to evaluate the efficacy and safety of rivaroxaban among patients with a history of CHF to determine if this high-risk population derived particular benefit.
Methods
ATLAS ACS-2-TIMI-51 was a randomized, doubleblind, placebo-controlled phase 3 trial that enrolled 15,526 subjects at least 18 years of age who presented with symptoms of ACS and were diagnosed with STEMI, non−STelevation myocardial infarction (MI), or unstable angina. Subjects were recruited within 1 to 7 days after hospital admission for the index event. After stabilization and initial management strategies, subjects were administered aspirin, and were stratified by administration of thienopyridine (either clopidogrel or ticlopidine) at the discretion of the prescribing physician. Subjects were then randomly assigned to receive either rivaroxaban 2.5 mg BID, rivaroxaban 5 mg BID, or placebo and were followed up for 24 months (median of 13 months and up to 31 months). 7 Major exclusion criteria included history of intracranial hemorrhage or history of either ischemic stroke or TIA in subjects receiving both aspirin and thienopyridine. Full inclusion and exclusion criteria have been previously published. 8 This subgroup analysis focuses on subjects who reported a previous history of CHF at enrollment. This was determined by history and review of medical records, given that echocardiogram data before the index event was not collected. Furthermore, the investigators did not use postevent echocardiograms to classify patients, as a significant amount left ventricular dysfunction seen in the acute setting may subsequently resolve. The primary efficacy end point of this analysis was the composite of cardiovascular (CV) death, MI, or stroke. In addition, CHF-related deaths, defined as all deaths that have been adjudicated to be caused by CHF or cardiogenic shock, were also investigated. The primary safety end point was noncoronary artery bypass graft (CABG)-related TIMI major bleeding. Additional details of the end points, design, and results of ATLAS ACS-2-TIMI-51 have been previously described. 7, 8 All analyses were performed using Stata version 13 (Sta-taCorp, LP, Texas). Categorical variables were reported as frequencies and percentages. The mean § standard deviation was reported for parametric continuous variables, and the median (IQR) was reported for nonparametric continuous variables. Baseline characteristics were calculated for all eligible subjects who were randomized in the trial. Differences in means across treatment groups were compared using the analysis of variance test for continuous variables and chi-square test for categorical variables. Event rates were calculated as numerical percentages, not as Kaplan-Meier estimates. Hazard ratios (HR) with 2-sided 95% confidence intervals were calculated using Cox proportional hazard models and log-rank p values were reported. In all efficacy analyses, the stratification variable (i.e., intent to administer thienopyridine) was included as a covariate in the Cox regression models. In the safety analyses, however, the unstratified Cox proportional hazards models were used due to the small number of events per each stratification group.
Efficacy analyses were performed in the modified intention-to-treat population, defined as all randomized subjects and the end point events that occurred after randomization and no later than either the completion of the treatment phase of the study (i.e., the global treatment end date), 30 days after early permanent discontinuation of the study drug, or 30 days after randomization for subjects who did not receive a study drug. Safety analyses were performed in the safety population, which included all subjects who received at least 1 dose of study drug and who were censored at 2 days after discontinuation of study drug. 7, 8 Testing between the combined-dose group for rivaroxaban and placebo was prespecified per the study protocol to preserve the alpha at a level of 0.05 based on the log-rank test. All tests were 2-sided, and p value of <0.05 was considered statistically significant. Before data unblinding, a total of 3 sites were excluded from the efficacy analyses due to violations of Good Clinical Practice guidelines. All safety and efficacy end points were adjudicated by an independent, blinded clinical events committee.
All analyses were performed by the PERFUSE Study Group using an independent copy of the complete clinical trial database. The investigators wrote all drafts of the manuscript and take responsibility for its content. The sponsors had the opportunity to review and comment on this manuscript but had no editorial authority. The corresponding investigator had full access to all the data in the study and had final responsibility for the decision to submit for publication.
Results
Out of the 15,526 subjects enrolled in the ATLAS-ACS2-TIMI 51 trial, a total of 1,694 subjects with history of CHF were included in this analysis. Subjects were evenly distributed in treatment arms. There were no significant differences in baseline characteristics between treatment arms ( Table 1) .
In ACS subjects with history of CHF, there was a significant reduction in the primary end point of CV death, MI, or stroke with the combined rivaroxaban doses, as well as each of rivaroxaban 2.5 mg BID and 5 mg BID when compared with placebo (rivaroxaban 2.5 mg BID vs placebo: 10.5% vs 17.2%, HR 0.59, 95% CI [0.42, 0.81], p = 0.001; rivaroxaban 5 mg BID vs placebo: 11.2% vs 17.2%, HR 0.61, 95% CI [0.44, 0.84], p = 0.002; Figure 1 ). The presence of CHF significantly modulated the treatment effect of rivaroxaban when efficacy was compared in patients with CHF were compared without patients without CHF (p interaction = 0.006; Figure 2 ). When the components of the primary composite end point were evaluated individually, both doses of rivaroxaban significantly reduced CV mortality (rivaroxaban 2.5 mg BID vs placebo: 4.1% vs 9.0%, HR 0.45, 95% CI [0.27, 0.74], p = 0.002; rivaroxaban 5 mg BID vs placebo: 5.8% vs 9.0%, HR 0.62, 95% CI [0.40, 0.96], p = 0.031). Both the 2.5 mg BID and 5 mg BID doses of rivaroxaban also significantly reduced all-cause mortality by 57% and 41%, respectively ( Table 2) . Myocardial infarction was significantly reduced among subjects who received rivaroxaban 5 mg BID, and a favorable trend was also observed in those who received 2.5 mg BID (p = 0.076; Table 2 ). There was no significant reduction in stoke in either rivaroxaban arm when compared with placebo.
CHF-related deaths occurred in 0.7% (n = 4) patients receiving rivaroxaban 2.5 mg BID, 2.1% (n = 12) patients receiving rivaroxaban 5 mg BID, and 2.3% (n = 13) patients receiving placebo. Compared with placebo, rivaroxaban 2.5 mg BID was associated with significant reduction in the incidence of CHF- Overall, the incidence of bleeding events was low in this subgroup of CHF subjects. The primary safety end point of non-CABG TIMI major bleeding occurred in 0.4% (n = 2) subjects receiving rivaroxaban 2.5 mg BID, 1.1% (n = 6) subjects receiving rivaroxaban 5 mg BID, and 0.5% (n = 3) subjects receiving placebo (2.5 mg BID vs placebo: HR 0.65, 95% CI [0.11, 3.88], p = 0.63; 5 mg BID vs placebo: HR 1.92, 95% CI [0.48, 7.67], p = 0.36; Table 3 ). Similarly, there were no significant differences in the risk of either intracranial hemorrhage or fatal bleeding when either dose of rivaroxaban was compared with placebo. Notably, fatal bleeding occurred most frequently in the placebo group (n = 3), and no fatal bleeding events were present with rivaroxaban 5 mg BID (Table 3) .
Discussion
In patients with history of CHF and an ACS event rivaroxaban significantly reduced the risk of recurrent MI, stroke, and CV death without an increase in either fatal bleeding, intracranial hemorrhage, or non-CABG-related major bleeding. The presence of CHF was identified as a significant treatment modifier, and the benefits of rivaroxaban in the CHF population were nearly twice as great as in the overall population (40% vs 16% relative risk reduction). No other subgroup in the ATLAS 2-TIMI 51 trial demonstrated a positive interaction term. Much of this benefit was driven by a near 50% reduction in either CV or all-cause mortality. The number of patients needed to treat to prevent a death from any cause was only 19 patients for the 2.5 mg BID dose of rivaroxaban and 29 patients for the 5 mg BID rivaroxaban dose.
The precise mechanism of death in trials is not always entirely clear. Some deaths are attributable to CHF-related deaths, which were demonstrated to be significantly reduced with rivaroxaban 2.5 mg BID as compared with placebo. Deaths, however, may have also been attributable to MI, and possibly also attributable to pulmonary embolism, an end point which was not recorded as an endpoint in the trial. It is notable that in medically ill patients, factor Xa inhibition may reduce both fatal and irreversible arterial events (MI and ischemic stroke) as well as venous events (pulmonary embolism and VTE mortality). 9 CHF patients do have a high risk of pulmonary embolism, 10−14 and this may have been a more common mode of death in the subgroup of CHF patients than in the trial as a whole. In contradistinction to the main ATLAS-ACS2-TIMI 51 analysis, the mortality benefit observed in CHF subjects in this study was not offset by an increase in TIMI major bleeding, and the rate of fatal bleeding over the 2-year follow-up remained numerically lower in the rivaroxaban groups as compared with placebo. Consistent with the main ATLAS-ACS2-TIMI 51 results, there was a more substantial reduction in the risk of MI in the rivaroxaban 5 mg BID group. 7 In contrast, there was a higher rate of fatal bleeding in the 5 mg BID than the 2.5 mg BID group, and this may have offset some of the mortality benefits in the 5 mg BID group. 7 The benefit observed in this subgroup of subjects may be due at least in part to the persistent generation of excess thrombin after ACS and the propensity of CHF subjects to have reduced fibrinolysis. 2, 15, 16 Furthermore CHF, independent of the presence of atherosclerosis and ACS, has been associated with activated platelets, elevated thrombin levels, and more rapid formation of compact plasma fibrin clots predisposing patients to thromboembolic disease. 17, 18 It should also be noted that myocytes have thrombin receptors on their surface, and binding of thrombin to these receptors may mediate reperfusion injury and apoptosis. 19−22 There are important differences between previous studies which failed to demonstrate a benefit of anticoagulation therapy in the setting of CHF 5, 6, 23 and the present study. These studies enrolled a broader cohort of CHF subjects and were not limited to CHF subjects who also had an ACS event. These studies assessed warfarin and did not assess the efficacy of factor Xa inhibition. This ATLAS-ACS2-TIMI 51 substudy provides hypothesis generating data that indicates CHF patients who recently sustained ACS may be a potential target population for prolonged anticoagulation therapy to reduce recurrent ACS events. Given these findings, the phase 3 COMMANDER-HF trial was designed to test the hypothesis that rivaroxaban 2.5 mg BID reduces the composite of all-cause mortality, MI, or stroke in 5,000 patients with concomitant CHF and CAD. 24 Data from COMMANDER-HF will be the first randomized-controlled trial to prospectively validate or reject the hypothesis that rivaroxaban reduces recurrent ACS events in patient with CHF as part of a secondary prevention strategy. Heart Failure/Rivaroxaban for Secondary Prevention in CHF Note: All hazard ratios and 95% confidence intervals are based on the Cox proportional hazards models stratified by the use of thienopyridine from the modified-intention-to-treat (mITT) populations from the time of randomization until the end of the trial. mITT population included the randomized subjects and the end point events that occurred after randomization and no later than the completion of the treatment phase of the study (i.e., the global treatment end date), 30 days after early permanent discontinuation of the study drug, or 30 days after randomization for subjects who did not receive a study drug.
Note: Subjects from 3 sites were excluded from the efficacy analyses prior to unblinding due to violation of good clinical practice guidelines. Note: All endpoints were adjudicated by an independent, blinded clinical events committee (CEC). Fatal bleeding (n = 5) 3 (0.5%) 2 (0.2%) 0.32 (0.05, 1.92) p = 0.21 3 (0.5%) 2 (0.4%) 0.65 (0.11, 3.87) p = 0.63 3 (0.5%) 0 --Note: All hazard ratios and 95% confidence intervals are based on the unstratified Cox proportional hazards models from the safety population from the time of randomization until the end of the trial (stratification by intended thienopyridine use was not conducted due to the small number of events per group). Safety population includes subjects at the time of administration of the first dose of a study drug until 2 days after the discontinuation of a study drug.
Note: All end points were adjudicated by an independent, blinded clinical events committee (CEC).
Conclusion
In patients with history of CHF who experience an ACS event, secondary prevention with rivaroxaban was associated with a significant reduction of the composite of CV death, MI, or stroke without an increase in either fatal or non-CABG-related major bleeding. These favorable hypothesis generating findings are being prospectively assessed in the ongoing Phase 3 COMMANDER study. 
Conflicts of Interest

